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COKTACT I.SNS ECirTIOK CONTAINING ?rO AND CATIONIC 

CELLCLCSZ 

^A r y ~P pT "N T D Q r THE I NVZ N T T 0 N 
This invention relates to compositions for 
treating contact lenses, especially rigid, gas 
permeable contact lenses. 

The surfaces of contact lenses must have a certain 
degree of hydrophilicity to be vet by tears. Tear 
wettability is in turn necessary to provide the lens 
wearer with comfort and good vision. 

One way to impart wettability to contact lens 
surfaces is to add hydrophilic monomers to the mixture 
of comonomers used to form the contact lens material. 
However, the relative amount of hydrophilic monomer 
added affects physical properties other than 
wettability. For example, the hydrophilic monomer 
content of rigid gas permeable lens materials is much 
less than that of soft, hydrogel lenses. The rigid 
lenses accordingly contain only a few percent water of 
hydration whereas soft lenses contain amounts varying 
from 10 to 90 t Thus, while hydrophilic monomer 
addition does increase wettability, the technique is 
limited by the influence that it has on other 
properties. 
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Another way tc irpart wettability tc lens surfaces 
is tc modify the surface after polymerization. For 
example, surface coatings cf hydrcphilic polymers have 
been grafted cntc the surface. PZasna treatment has 
also been used to increase the hydrophilicity of 
hydrophobic surfaces. Although effective, methods such 
as these are often expensive (requiring complicated and 
difficult manufacturing procedures) and impermanent. 

Water soluble polymers in lens care solutions have 
also been used to enhance the wettability of lens 
surfaces. Use of wetting polymers in this way provides 
a "cushion" between the lens and the eye which is 
equated with increased wettability as wearer comfort 
and tolerance. However, a common drawback with this 
approach is that the cushion layer dissipates rapidly, 
since there is little specific interaction between the 
polymer and the lens surface. 

United States Patent Nos. 4,163,112 and 4,321,261 
disclose a method to overcome this drawback by 
immersing the lens in a solution of an oppositely 
charged ionic polymer to form a thin polyelectrolyte 
complex on the lens surface. The complex increases the 
hydrophilic character of the surface for a greater 
period of time relative to an untreated surface. Of 
particular interest are cellulosic polymers bearing a 
cationic charge, said polymers forming a strongly 
adhered hydrcphilic layer on the contact lens surface. 
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• ^o^c w a „ e a-oven tc be exceptional exponents 
These pc-7=ers ^a*e p^~v~. 

Rubricating solutions, 
for wetting, soa/^ng, a-.- ----- 

While these caticnic pollers are extremely 

the wettability of the lens, 
effective for increasing the ve 

it ^ be desirable t » «*«e. th. bioccnpatibility 
o£ ccmpl" for»d by =^=nic c.ll»l«ic pollers 
to increase comfort to the eye. 

polyethylene oxide (KO) is an unique water 
sduble poller. «hen in an aqueous environment PEO 
aces not perturb the structure of water an, therefore 
is very "compatible" in a water matrix. Because o£ 

, „ n „r.ios PEO has been found to be an 
these unusual properties, r-j 

effective polymer for low protein adsorptions and low 
sell adhesion characteristics. However. PEO has little 
or no affinity for surfaces, frustrating attempts to 

« -> nn'-^natibilizer . Rather, 
emmlov PEO in solution as a bioc.m?a~Di 

previous attests to employ PEO as a biocompatibiUzer 
ha ve focused on coating PEO on polymeric surfaces, such 
as by grafting or covalently bonding PEO to the 
surfaces. 

crrvMArtY r>v TTTE IN VENTION 
The invention provides aqueous compositions for 
treating contact lenses comprising a cationic 
cellulosic polymer and polyethylene oxide. The 
compositions are especially effective at increasing the 
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wettability of the surface of a ler.s treated therewith, 

• • „ if ,i* r = s ne-e'fe contact lenses, 

particularly ngia, g- s pe-~ e ^ 

Additionally, the invention relates to methods of 
treating a contact lens which employ the compositions. 



The invention provides aqueous compositions for 
treating contact lenses comprising a caticnic 
cellulosic polymer and polyethylene oxide. 

The cellulosic polymer component has a cationic 
charge, and the polymer should be compatible with the 
eye, non-irritating, and yet should form a hydrogel 
which is electrostatically bound to the surface of the 
contact lens treated with the composition. 

Examples include cellulosic polymer containing 
N,N-dimethyl amino ethyl groups (either protonated or 
quatemized), and cellulosic polymers containing N,N- 
dimethyl amino-2-hydroxylpropyl groups (either 
protonated or quatemized) . 

cationic cellulosic polymers are commercially 
available or can be prepared by methods known in the 
art. As an example, the quaternary nitrogen-containing 
cellulosic polymers can be prepared by reacting 
hydroxyethyl cellulose with a trimethyl ammonium 
substituted epoxide. Various preferred cationic 
cellulosic polymers are commercially available water 
soluble polymers available under the CTFA (Cosmetic, 
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Toiletry, and Fragrance Assccia^ior.) designation 
Polyquaternium-lC , including the canonic celluiosic 
polymers available under the tradename UCARE* Polymer 
from Anerchol Corp., Edison, New Jersey, USA). These 
polymers are believed to contain quaternized N,N- 
dimethyl amino groups along the cellulose polymer 

chain- 
Polyethylene oxide (PEO) , also called polyethylene 
glycol or PEG , improves the bioccmpatibility of the 
contact lenses treated with the solution, enhancing 
resistance to protein absorption of the lens. PEO is 
commercially available under a vide variety of 
tradenames from various suppliers. 

The cationic celluiosic polymer absorbs rapidly 
and strongly on the surfaces of contact lenses, 
particularly lenses containing anionic sites, and once 
absorbed, this material desorbs very slowly. In 
contrast, PEO absorbs very weakly, at best, on such 
lens surfaces. Thus, although PEO enhances 
biocompatibility of polymeric surfaces, the use of PEO 
in solution to biocompatibilize such surfaces is not 
particularly effective. 

Applicants have found that aqueous solutions of 
the cationic celluiosic polymers and PEO provide unique 
effects when used to treat a contact lens. More 
specifically, some type of complexation, or 
"entanglement", occurs between these two materials. 
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Despite this ccnplexar::r. f the resultant cor.pl ex is 
still able to absorb relatively strongly cr, the lens 
surface, thereby anchoring the PEO tc the surface as 
veil. The compositions enhance the wetting ability, 
biocompatibility , and protein deposition resistance of 
contact lenses treated therewith. 

The cationic cellulosic polymer may be employed at 
about 0.001 to about 10 weight percent of the 
composition, more preferably at about 0.01 to about 2 
weight percent. PEO may be employed at about 0.001 to 
about 10 weight percent of the composition, more 
preferably at about 0.01 to about 5 weight percent. 

Typical contact lens solutions include necessary 
buffering agents for buffering or adjusting pH of the 
composition, and/or tonicity adjusting agents for 
adjusting the tonicity of the composition. 
Representative buffering agents include: alkali metal 
salts such as potassium or sodium carbonates, acetates, 
borates, phosphates, citrates and hydroxides; and weak 
acids such as acetic, boric and phosphoric acids. 
Representative tonicity adjusting agents include: 
sodium and potassium chloride, and those materials 
listed as buffering agents. The tonicity agents may be 
employed in an amount effective to adjust the osmotic 
value of the final composition to a desired value. 
Generally, the buffering agents and/or tonicity 
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'justing agents may be includes u= to about 10 veigr.: 



percent . 

According to cref erred embodiments, an 
antimicrobial agent is included in the composition in 
an antimicrobially effective amount, i.e., an amount 
which is effective to at least inhibit growth of 
microorganisms in the composition. Preferably, the 
composition can be used to disinfect a contact lens 
treated therewith. Various antimicrobial agents are 
known in the art as useful in contact lens solutions, 
including: chlorhexidine ( 1 , 1 ' -hexamethylene-bis [ 5- (p- 
chloropher.yl) biguanide]) or water soluble salts 
thereof, such as chlorhexidine gluconate; 
polyhexamethylene biguanide (PHMB, a polymer of 
hexamethylene biguanide, also referred to as 
polyaminopropyl biguanide) or water-soluble salts 
thereof, such as the polyhexamethylene biguanide 
hydrochloride available under the trade name Cosmocil 
CQ (ICI Americas Inc.)? benzalkonium chloride; and 
polymeric quaternary ammonium salts. When present, the 
antimicrobial agent may be included at 0.00001 to about 
5 weight percent, depending on the specific agent. 

The compositions may further include a 
sequestering agent (or chelating agent) which can be 
present up to about 2.0 weight percent. Examples of 
preferred sequestering agents include 
ethylenediaminetetraacetic acid (EDTA) and its salts, 
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with the disedium salt (disodium edetate; beir.g 
especially preferred. 

The compositions containing the caticnic 
cellulcsic polymer and PEG are very effective at 
providing the compositions with the ability to wet 
surfaces of contact lenses treated therewith. If 
desired, the composition may include as necessary a 
supplemental wetting agent. Representative wetting 
agents include: nonpclyraeric cellulosic materials such 
as hydroxyprcpyl methylcellulose , hydroxyethyl 
cellulose, hydroxypropyl cellulose and methylcellulose; 
polyvinyl alcohol; and polyvinyl pyrrclidone. Such 
additives, when present, may be used in a wide range of 
concentrations, generally about 0.1 to about 10 weight 
percent. 

Contact lenses are treated with the compositions 
by contacting the lenses with the compositions. For 
example, a contact lens can be stored in the solution, 
or soaked in the solution, for sufficient time to wet 
the surfaces thereof. The treated lens can be inserted 
directly in the eye, or alternately, the lens can be 
rinsed. Alternately, drops of solution can be placed 
on the lens surface and the treated lens inserted in 
the eye. The specific lens care regimen used will 
depend on the other compounds present in the solution, 
as is well known in the art. 
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For compositions containing ar. an: imicrcbial 
azar.z , the a ccr.tact lens is preferably soaked in the 
composition for sufficient tine to disinfect the lens 
and vet the surface thereof. 

The following examples illustrate various 
preferred embodiments of the invention. 

In the Examples, dynamic contact angle 
measurements were made on hydrated, pciished wafers cf 
a f luorosilicone rigid gas permeable (RG?) contact lens 
material (BOSTON RXD®, Polymer Technology Corporation, 
Boston, Massachusetts) utilizing a Cahn Instruments 
DCA 222. Wafers were dipped in the test solution 
7 times at an average rate of 225 microns per second. 
All tests were run at room temperature. A computer 
assisted mathematical analysis of the data yields a 
graph of contact angle plotted against the vertical 
position on the wafer. The average advancing and 
receding contact angles were obtained from the graph. 

EXAMPLE 1 

Solutions containing the following ingredients 
were prepared and passed through a 0.22 micron 
sterilizing filter in a clean room environment. The 
solutions were then packaged in sterile bottles. In 
the Examples, U.CARE* Polymer JR-30M is a polymeric 
quaternary ammonium salt of hydroxyethyl cellulose 
reacted with a trimethyl ammonium substituted epoxide, 
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available frcm Ar.er=h=i Corp. PCLVCX WSR N-LC« is a 
polymer sf ethylene cxide wherein the number of 
ethylene oxide units averages 2C00, supplied by Union 
Carbide Corp., Tarrytown, New York. 

Dynaaic contact angles (DCA) were determined for 
the RG? material in various solutions described in 
TA3LZ 1. The DCA results are presented in TABLE 2. It 
is noted that Solution A lacked PEO and Solution D 
lacked a cationic cellulosic polymer. In Solution B, 
the ratio of cationic cellulosic polymer to PEO was 
70:30, and in Solution C, this ratio was 30:70. 

The dramatic lowering of the advancing contact 
angle with Solutions B and C indicates the presence of 
a polymer complex which is hydrophilic and bound to the 
surface. 
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Solution 



Sodiua Phosphate, 
dibasic % 


0.280 


0.280 


0.280 


t 

0.280 


Potassium Phosphate, 
monobasic % 


0.055 


0.055 


0.055 


0.055 


Sodiun Chloride % 


0.700 


0.700 j 0.700 j 0.700 I 


Potassium Chloride % j 0.050 


0.050 


0.050 


0.050 j 


Disodium Edetate % 


0. 050 


0.050 


0.050 


0.050 


UCARE Polymer JR-30M %i 0.090 


0.063 


0.027 | 0 j 


POLYOX WSR N-1C % 


0 


0.027 


0.063 j 0.027 


Deicnized Water Q.S. 3 


j 1 100 


100 


100 


100 



TABLE 2 



Solution j A 


- 

5 


C D | 


Adv $ 1 78 


41 


40 91 


Rec + 1 37 1 37 


35 


40 


Adv-Rec 


41 | 4 


5 


51 1 



Advancing contact angle in degrees 
Receding contact angle in degrees 
Difference between advancing and 
receding contact angles 



EXAMPLE 2 

Solutions designated Al, Bl, CI and Dl were 
prepared as in Example 1. Each of Solutions Al, Bl, C] 
and Dl corresponded to Solutions A, B, C and D, 
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respectively, except: that the solutions further 
included 15 per pclyhexamethylene biguamde. 

Solutions Al, 51, CI and Dl were evaluated cn eye 
to assess clinical performance. Clean BOSTON RXD 
lenses for adapted RG? lens wearers were soaked in the 
solutions overnight. Each subject installed the lense 
directly from the solution (no rinse step) and was 
examined immediately by a clinician who evaluated a 
number of parameters using a bicmicroscope. The 
compiled results of the clinical evaluation of 
solutions Al through Dl are presented below. 





TBUT* 


Wetti 


nc 


Tear Film 


Al 


10 


100% 


Surface 


Occasional Thin Spots 


Bl 


11 


100% 


Surface 


Even over surface 


CI 


11 


100% 


Surface 


Occasional Thin Spots 


Dl 


3 


100% 


Surface 


Occasional Thin Spots 


*T 


ear Break-up 


Time 


(seconds) 





The polymer complex (Bl and CI) of the cationic 
cellulosic polymer and PEO provides an adsorbed layer 
on the contact lens surface which is compatible with 
the tear film and supports long tear break up time. 

EXAMPLE 3 

The solutions in Tables 3 and 4 were prepared as 
in Example 1, and dynamic contact angles (DCA) were 
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determined on wafers cf the RG? fcr me various 
solutions described in TABLE 1. The DC A results are 
summarized in TABLE 5. 

Additionally, the rates cf adsorption were 
qualitatively determined by analyzing each of the seven 
individual dip cycles into the test solution. The rate 
of desorption was then determined by dipping a coated 
wafer into non-preserved phosphate buffer fcr 14 
cycles. The measured advancing angle was utilized in 
both cases as a measure of absorbed polymer complex on 
the test material surface. In TABLE 5, the designation 
"mod." denotes "moderate". 



TABLE 3 

Solution 





£ 


F 


G 


Sodium Phosphate, 
dibasic % 


0.280 


0.280 


0.280 


Potassium Phosphate, 
monobasic % 


0.055 


0.055 


0.055 


Sodium Chloride % 


0.700 


0.700 


0,700 


Potassium Chloride % 


0.050 


0.050 


0.050 


Disodium Edetate % 


0.050 


0.050 


0.050 


UCARE Polymer JR-3 0M % 


0. 002 


0.0018 


0.0016 


POLYOX WSR N-10 % 


0 


0.0002 


0.0004 


Deionized Water Q.S. % 


100 


100 


100 
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TABLE 4 



Solution 



H I J ! 


I S ^^T ?ha '- S ' i e.MO j 0.280 j 0. 2 S0 


Potassium Phosphate , 
monobasic % 


0.055 


0.055 


0.055 


Sodium Chloride % 


0.700 


0.700 


0.700 J 


Potassium Chloride % 0.050 


0. 050 


0.050 j 


Discdium Edetate % 


0.050 j 0.050 


0.050 | 


UCARI Polymer JR-3 0M % 


0 . 0014 


0.001 j o j 


POLYOX WSR N-10 % 


0.0006 


0.001 


0.002 1 


Deioni2ed Water Q.S. % 


100 


100 j 100 



TABLE 5 



solution j E 


I S 


E 


I 


J 


Adv (Abs) 34 


85 


35-80 


22-8oJ 30-80l 25-85 


Adsorption 


very 
strong 


weak 


mod. 
strong 


mod. 
strong 


mod. 


weak 


Adv (Des) 1 25-7o| 84 


83 


83 


89 


96 


Desorption 


slow 


fast 


fast 


fast 


very 
fast 


very 
fast 



Adv. (Abs) Advancing contact angle in degrees for 

absorption 

Adv. (Des) Advancing contact angle in degrees for 

desorption 
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We claim: 

1. An aqueous solution for treating contact 
lenses comprises a caticnic cellulose polymer and 
polyethylene oxide. 

2. The composition of clain 1, wherein the 
cationic celiuiosic polymer is selected from the group 
consisting of a celiuiosic polymer containing N,N- 
dimethyi amino ethyl groups and a celiuiosic polymer 
containing N,N-dimethyl amino-2-hydrcxyipropyl groups. 

3. The composition of claim 1, wherein the 
cationic celiuiosic polymer is a celiuiosic polymer 
containing quaternized N,N-dimethyl amino groups along 
the cellulose polymer chain. 

4. The composition of claim 1 further comprising 
an antimicrobial agent. 

5. The composition of claim 1 further comprising 
a wetting agent, 

6. The composition of claim 1 further comprising 
a buffering agent. 



"^SOOCID- <WO 9500€i6A1> 



WO 95/00618 



1 6 



PCT/US94/06789 



7. The composition cf claim 1 further comprising 
a tonicity adjusting agent. 



8. 



A method of treating a contact lens 



comprising contacting said contact lens with an aqueous 
composition which comprises a carionic cellulose 
polymer and polyethylene oxide. 



9. The method of claim 8, wherein the cationic 
ceiluiosic polymer is selected from the group 
consisting of a ceiluiosic polymer containing N,N- 
dimethyl amino ethyl groups and a ceiluiosic polymer 
containing N,N-dimethyl amino-2-hydrcxylpropyl groups. 

10. The method of claim 8, wherein the cationic 
ceiluiosic polymer is a ceiluiosic polymer containing 
quaternized N,N-dimethyl amino groups along the 
cellulose polymer chain. 

11. The method of claim 8, wherein the 
composition further comprises at least one member 
selected from the group consisting of buffering agents 
and tonicity adjusting agents. 

12. A method. of disinfecting and wetting a 
contact lens comprising contacting said contact lens 
with an aqueous composition which comprises a cationic 



8NSOOC10- <AO 9S006i8Ai> 



WO 95/00618 PCT/US94, 06789 

1 7 

cellulcsic pclymer, PEC , and an ar.timicrcfciaily 
effective amount, cf an antimicrobial agent. 

13. The method cf claim 12, wherein the cationic 
cellulcsic polymer is selected from the group 
consisting of a ceiiulosic polymer containing N,N- 
dimethyl amino ethyl groups and a ceiiulosic polymer 
containing N,N-dimethyl amino-2-hydroxylpropyl groups. 

14. The method of claim 12, wherein the cationic 
ceiiulosic polymer is a ceiiulosic polymer containing 
guatemized N,N-dimethyi amino groups along the 
cellulose polymer chain. 

15. The method of claim 12, wherein the 
composition further comprises at least one member 
selected from the group consisting of buffering agents 
and tonicity adjusting agents. 
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